Evidence is presented that progametangia in both the plus and the minus mating types of Mucor mucedo can be induced by one substance, namely (-)-trisporic acid B. A method is described for the determination of the concentration of the sex factors (trisporone, trisporic acid B, trisporic acid C) in mated cultures of Mucorales by polarography. It can be demonstrated that the amount of plus mycelium is limiting for the production of the sex factors in Blakeslea trispora. It is shown that the minus type of this organism is able to synthesize the sex factors when incubated in the filtered medium of a mated culture. Cycloheximide and 5-fluorouracil inhibit strongly the sex factor production in a mated culture of B. trispora at any time. This result suggests that sexual activity comprises the synthesis of proteins which are involved in the production of the sex factors.
In a previous communication (5) we showed that the trisporic acids B and C which are produced by Mucor mucedo are able to induce progametangia in this organism. These substances are also produced in fairly large amounts by Blakeslea trispora, but a morphogenetic function in this organism has not yet been discovered. The substances are, however, well known as stimulators of carotenogenesis in B. trispora (8, 11) . The trisporic acids are only produced in mated cultures, and we have suggested that this production is the result of an interaction between the plus and minus types by means of diffusible substances. This was strongly indicated by the fact that sexual activity, as expressed by the synthesis of the trisporic acids, also took place when the two mating types were kept separated by membrane filters during cultivation. This is in accordance with a hypothesis suggested by Plempel (10) . He postulated the existence of two diffusible "progamones" which could induce the synthesis of two progametangia-inducing substances, called "gamones", each of which would be active on only one of either mating type. The existence of two hormones of differing specific activity towards the plus and minus mating types was, however, seriously questioned by others (4) (5) (6) (7) . Sutter and Rafelson (11) presume, contrary to our suggestion, that physical contact between the two mating types is necessary for induction of sexual activity, because dispersion of the mycelia enhances production of trisporic acid.
In this report some experiments aimed at the elucidation of the hormonal mechanism of sexual interaction in B. trispora are described. Moreover, conclusive evidence is given for the fact that progametangia in both mating types of M. mucedo can be induced by one substance.
MATERIALS AND METHODS
Cultures. The following strains were used: B. trispora Thaxter, NRRL 2456(+) and NRRL 2457(-); M. mucedo Bref. strain Saito(-) and strain Burgeff (+). They were all obtained from the Centraalbureau voor Schimmelcultures, Baarn, The Netherlands. The methods of cultivation were described earlier (5) . Extraction and purification of the sexual factors was described earlier (5) . All compounds were separated by means of thin-layer chromatography on silica gel G with a mixture of chloroform-diisopropyl VAN and specific method for quantitative evaluation of the sexual activity of B. trispora and presumably of several other Mucorales. The natural concentration of the sex hormones was too low, however, to permit direct polarography of the culture media and had to be preceded by concentration by means of extiaction. By using Britton-Robertson buffers instead of TBAH, the pH-dependence of polarographic behavior of these substances could be studied. It appeared that they behaved as was described by several authors for a,,Bunsaturated and aromatic ketones (3, 9) . Two waves were observed when one of the trisporic acids was polarographed in this buffer, with E6.5 values of -0.85 and -1.19 v at pH 4.0.
Both seem to be reflections of one-electron reduction reactions. When a small amount of TBAH was added, the two waves fused to give one wave. Trisporone showed only one wave in BrittonRobertson buffer as well as in TBAH. The limiting current appeared to be diffusion controlled in all cases and directly proportional to the concentration of the reduced substance. The polarographic behavior was highly insensitive for the presence of electrochemically inert but capillaryactive impurities.
Synthesis of the sex factors in mated cultures. Figure 1 shows the relationship between the age of mated cultures and the production of trisporone and the trisporic acids. From this it can be concluded that the sex factors are only produced when the growth rate has slowed down considerably. The same linear increase of the concentration of the sex factors is observed starting about 2 hr after combining mature cultures of the plus and minus strains.
Influence of the relative mycelium weights on the production of the sex factors. Sutter and Rafelson (11) showed that the amount of the plus mycelium in the presence of the minus mycelium has a limiting influence on the production of the sex factors in mated cultures. We confirmed this result by repeating their experiment with some modifications which made it possible to obtain more reproducible and constant ratios of the amounts of mature plus and minus mycelia. Different amounts of 7-day-old mycelia of both mating types, grown in various amounts of medium, were combined in 200 ml of a mixture of equal amounts of 7-day-old culture fluids of the plus and minus strains. After incubation for 48 hr on a shaking machine in the dark at 20 C, the production of the sex factors was determined by polarography (Fig. 2) . With a constant amount of 0.63 g (dry weight) of the minus mycelium, the amount of the plus mycelium was clearly limiting for this production. When 0.73 g of plus myce- hum was present constantly, the production of sex factors was largely independent of the amount of minus mycelium, when more than 0.2 g of the latter was present.
Search for inducing substances in the culture fluids. When two mature cultures of different mating type were simply combined, the synthesis of trisporic acids was detectable within some hours by polarography or bioassay. However, when the fluid of one culture was decanted and added to a complete (i.e., mycelium + medium) culture of different mating type, sex factors were not induced. The same results were obtained with M. mucedo. Also, when-according to Plempel (10)-the fluid of one culture (sterilized by filtration) was inoculated with mycelium of the other mating type, no sexual factors were produced. The next experiment shows that when the two cultures of opposite mating types were combined, the two culture fluids could be replaced by water without any effect on the production of trisporone and the trisporic acids or on the period between combining the cultures and first detection of the trisporic acids by bioassay. Both mating types of B. trispora were cultivated during 5 days. They were then combined while replacing either the plus or the minus liquid with water; after this, a sample of 1 ml was tested every 30 min by bioas- 2 . Production of polarographically active substances by B. trispora as a function of the relative amounts of the mycelia of both mating types. In the upper graph, the production (expressed as in Fig. 1 ) is plotted against the amount ofplus mycelium (grams, dry weight) with a constant amount of 0.63 g of minus mycelium. In the lower graph, the production is plotted against the amount of minus mycelium with a constant amount of0.73 g ofplus mycelium. of the sex factors. This was most dramatically demonstrated by the fact that mycelia of both mating types, which were washed with water and next combined in water, produced about 70% of the amount of sex factors found in cultures which were combined with their original media. Some more quantitative results were obtained in the following experiment. Five-day-old unmated mycelia (cultivated in 100 ml of medium) were washed with water and resuspended in 100 ml of filtered liquid of 5-day-old mated cultures of a known total concentration of the sex factors. After incubation for 3 days, the culture liquids were analyzed by polarography (Table 3 ). It is evident that the minus mating type synthesized trisporone or the trisporic acids B and C, or both, when incubated in a medium in which both mating types have been cultivated.
Influence of inhibitors of protein synthesis. The production of trisporone and the trisporic acids after combination of both mating types is effectively inhibited by the addition of 5-fluorouracil or cycloheximide ( Fig. 3 and 4) . The addition of these substances had an inhibitory influence, irrespective of the time interval between the combination of the mating types and the addition of the inhibitors. Since both compounds are known to interfere directly or indirectly with protein synthesis, it appears that the production of the sex factors is dependent on the continuous synthesis of some proteins. DISCUSSION During sexual activity in mated cultures of M. mucedo and B. trispora, at least four substances are secreted into the culture liquid (namely, trisporone and the trisporic acids A, B, and C), but the function in the morphogenetic process is not certain for all of them. The trisporic acids B and C induce progametangia in M. mucedo Five-day-old mycelium obtained from 100-ml cultures was incubated in 100 ml of 5-day-old filtered fluid of mated cultures. b As in and stimulate the synthesis of carotenoids in both M. mucedo and B. trispora (5) . In either process, trisporic acid B is more effective than trisporic acid C. It must be emphasized that one optical enantiomer of one substance (the purity of which has been ascertained by repeated crystallization and microanalysis) was able to evoke progametangia in both mating types of M. mucedo. Therefore, Plempel (11) that there is a direct proportionality between sex factor production and amount of plus inoculum used in a mated culture. It has been shown, however, that the sex factors are only produced after the period of vigorous growth; moreover, it cannot be assumed a priori that the growth rates of both mating types in one culture are independent. Therefore, Sutter and Rafelson's experiment was repeated with mycelia in the stationary phase. Their results were fully confirmed. They indicate that the amount of plus mycelium in a mated culture has a limiting influence on the production of these factors. This means that the plus mycelium either produces these factors, or produces some compound (precursor?), the concentration of which is limiting for the synthesis of trisporone and the trisporic acids in the minus mating type.
The latter possibility seems more probable since the minus mating type is able to synthesize these compounds to a certain extent when incubated in the culture fluid of a mated culture. influence on the synthesis of the sex factors. However, the interaction between the mycelia of the plus and minus strains must occur by means of soluble substances in the culture fluid (5). These two facts can be reconciled only by postulating that the substances involved have an extremely rapid turnover.
Inhibitors of protein synthesis inhibit effectively the production of sex factors, irrespective of the time of addition after combination of the two mating types. This suggests that sex factor synthesis is not (only) dependent on enzyme synthesis during a certain period after the combination of the mating types, but that continuous production of some proteins is needed for the synthesis of the sex factors.
Therefore, our future work is based on the following working hypothesis. The plus mating type of B. trispora and M. mucedo produces some highly labile, water-soluble factor, presumably a protein, which induces the production of trisporic acids B and C in the plus or in the minus mating type, or in both. These acids are responsible for the induction of progametangia in both mating types.
